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(57) A method and apparatus for detecting a mal-
functioning speaker (430) are provided. The apparatus
detects a speaker abnormality by identifying the state of
the speaker (430) when turning the power on or off,
switching from standby mode to play mode, or performing
testing. The apparatus generates an audio signal having

FIG.

Method and apparatus for detecting malfunctioning speaker

a frequency higher than a particular frequency, outputs
the audio signal to the speaker (430), and determines
that the speaker (430) is malfunctioning if the level of a
fed-back frequency signal is lower than a reference level.
If the speaker (430) is determined to be malfunctioning,
the power supply is cut and the danger of a fire starting
is accordingly reduced.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] Apparatuses and methods consistent with the
present invention relate to detecting a malfunctioning
speaker, and more particularly, to determining whether
a speaker is functioning properly or malfunctioning.

2. Description of the Related Art

[0002] Audio apparatuses process audio signals re-
ceived from an external source or audio signals stored
in recording media, and output sounds corresponding to
the audio signals using a speaker. In general, audio ap-
paratuses include a home theater, a television, a radio,
a mobile phone and the like.

[0003] FIG. 1is a block diagram illustrating a related
art audio apparatus. With reference to FIG. 1, the audio
apparatus includes a digital amplifier 110 which converts
an audio signal into a pulse-width-modulation (PWM) sig-
nal and amplifies the signal, and a low pass (LC) filter
120 which performs LC-filtering high frequency compo-
nents of the amplified PWM signal and outputs an analog
audio signal to one or more speakers 130.

[0004] A sensor 140 senses the state of the digital am-
plifier 110, and a controller 150 turns off the apparatus if
the sensor 140 senses that the digital amplifier 110 is in
an abnormal state, such as excessive current or voltage,
low voltage, abnormal temperature, and so on.

[0005] The frequency response of the digital amplifier
110 is determined according to the performance of the
LC filter 120, and the LC filter 120 relates to the imped-
ance of the speakers 130.

[0006] In general, the speakers 130 have an imped-
ance of 4 - 8 Q, and general home audio apparatuses
use speakers having an impedance of 8 Q. The LC filter
120 is designed to stabilize the frequency response of
an audio frequency band in the impedance of the speak-
ers 130.

[0007] FIG. 2 is a waveform showing the frequency
response curve of an LC filter optimized to a general
speaker having an impedance of 8 Q. As shown in FIG.
2, the audio frequency band 20 Hz - 20 kHz has output
frequency response at a regular level.

[0008] FIG. 3 is a waveform showing the frequency
response of an LC filter when an impedance of 1 Q is
connected to the LC filter optimized to a general speaker
having an impedance of 8 Q. In FIG. 3, the frequency
response in a high frequency area of 1 kHz - 20 kHz is
degraded. That is, the frequency response in a high fre-
guency area of the LC filter 120 is affected by the imped-
ance of the speakers 130.

[0009] In the related art audio apparatus, there is a
method for preventing damage to the digital amplifier 110
by the sensor 140 sensing abnormalities in the digital
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amplifier 110. However, there is no method for protecting
the speaker 130, which is more expensive than the digital
amplifier 110.

[0010] For example, if the output of the digital amplifier
110exceedstherating, ora DC levelis output, the speak-
er is not damaged within a short period of time but is
slowly damaged over a long period of time. Accordingly,
although the user may not notice the deterioration of the
sound, the impedance of the speakers 130 is reduced
but the output of the digital amplifier 110 is regular, so
speakers 130 may occasionally catch fire due to over-
load.

[0011] Therefore, thereis a need for methods to sense
the state of the speaker 130.

SUMMARY OF THE INVENTION

[0012] According to the presentinvention there is pro-
vided an apparatus and method as set forth in the ap-
pended claims. Other features of the invention will be
apparent from the dependent claims, and the description
which follows.

[0013] Exemplary embodiments of the present inven-
tion address the above problems and/or disadvantages
and other disadvantages not described above. Also, the
present invention is not required to overcome the disad-
vantages described above, and an exemplary embodi-
ment of the present invention may not overcome any of
the problems described above.

[0014] The present invention provides a method and
apparatus for sensing the state of a speaker and detect-
ing a malfunctioning speaker.

[0015] According to an exemplary aspect of the
present invention, there is provided a method for detect-
ing a malfunctioning speaker, the method including gen-
erating a frequency signal for detecting a speaker abnor-
mality, outputting the frequency signal to the speaker,
and feeding back the frequency signal, and detecting a
speaker abnormality based on the fed-back frequency
signal.

[0016] The frequency signal is a signal having a fre-
quency corresponding to a high frequency in an audio
frequency band, or a signal having a higher frequency
than the audio frequency band.

[0017] The feeding back comprises differentially am-
plifying the frequency signal, and filtering a predeter-
mined frequency band of the amplified frequency signal,
wherein the predetermined frequency band is a frequen-
cy band of the frequency signal.

[0018] The fed-back frequency signal is fed back in an
input terminal of the speaker.

[0019] Inthe detecting, if the level of the fed-back fre-
qguency signal is lower than areference level, the speaker
is determined to be malfunctioning.

[0020] The reference level is an output level corre-
sponding to the frequency band of the frequency signal
in the frequency response optimized for the impedance
of the speaker.
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[0021] Thefrequency signalis played when turning the
power on or off, switching from standby mode to play
mode, or performing testing.

[0022] According to an exemplary aspect of the
present invention, there is provided an apparatus includ-
ing a play unit which generates a frequency signal for
detecting a speaker abnormality, and outputs the fre-
qguency signal to the speaker, a feedback unit which is
connected to an input terminal of the speaker, and feeds
back the played frequency signal, and a control unit which
detects a speaker abnormality based on the fed-back
frequency signal.

[0023] The frequency signal is a signal having a fre-
quency corresponding to a high frequency in an audio
frequency band, or a signal having a higher frequency
than the audio frequency band.

[0024] The feedback unit comprises a differential am-
plifying unit which differentially amplifies the frequency
signal, and a filter unit which filters a predetermined fre-
quency band of the amplified frequency signal, wherein
the predetermined frequency band is a frequency band
of the frequency signal.

[0025] The control unit determines that the speaker is
malfunctioning if the level of the fed-back frequency sig-
nal is lower than a reference level.

[0026] The reference level is an output level corre-
sponding to the frequency band of the frequency signal
in the frequency response optimized for the impedance
of the speaker.

[0027] The control unit operates the play unit to play
the frequency signal when turning power on or off, switch-
ing from standby mode to play mode, or performing test-
ing.

[0028] The play unit comprises an amplifying unit
which converts the frequency signal into a PWM signal
and amplifies the PWM signal, and a low pass filter unit
which filters high frequency components of the amplified
PWM signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and/or other aspects of the present
invention will be more apparent by describing certain ex-
emplary embodiments of the present invention with ref-
erence to the accompanying drawings, in which:

FIG. 1is a block diagram illustrating a general audio
apparatus;

FIG. 2 is a waveform showing the frequency re-
sponse of an LC filter optimized to a general speaker
having an impedance of 8 Q.

FIG. 3 is a waveform showing the frequency re-
sponse of an LC filter when an impedance of 1 Q is
connected to the LC filter optimized to a general
speaker having an impedance of 8 Q;

FIG. 4 is a block diagram illustrating an apparatus
according to an exemplary embodiment of the
present invention; and
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FIG. 5is a flow chart illustrating a method for detect-
ing a malfunctioning speaker according to an exem-
plary embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS OF THE INVENTION

[0030] Certain exemplary embodiments of the present
invention will now be described in greater detail with ref-
erence to the accompanying drawings.

[0031] In the following description, same drawing ref-
erence numerals are used for the same elements even
in different drawings. The matters defined in the descrip-
tion, such as detailed construction and elements, are pro-
vided to assist in a comprehensive understanding of the
invention. Thus, it is apparent that the present invention
can be carried out without those specifically defined mat-
ters. Also, well-known functions or constructions are not
described in detail since they would obscure the invention
with unnecessary detail.

[0032] FIG. 4 is a block diagram illustrating an appa-
ratus according to an exemplary embodiment of the
present invention.

[0033] The apparatus identifies the state of a speaker
430 when turning on/off the apparatus, switching mode,
ortesting, and determines whether the state of the speak-
er 430 is functioning properly or malfunctioning. In this
case, the apparatus generates an audio signal having a
frequency higher than a particular frequency to detect
the state of the speaker 430.

[0034] WithreferencetoFIG. 4, the apparatusincludes
a digital amplifier 410, a low pass (LC) filter 420, the
speaker 430, a sensor 440, a controller 450, a storage
unit 460, and a feedback unit 470.

[0035] The digital amplifier 410 and the LC filter 420
constitute a play unit for generating an analog audio sig-
nal. In particular, the digital amplifier 410 converts an
audio signal into a pulse-width-modulation (PWM) signal
and amplifies the signal. The LC filter 420 performs LC-
filtering of high frequency components of the amplified
PWM signal and outputs an analog audio signal to the
speaker 430.

[0036] The speaker 430 oscillates an oscillator (not
shown) according to the analog audio signal and outputs
sound.

[0037] The sensor 440 senses whether abnormalities,
such as excessive current, excessive voltage, low volt-
age, or abnormal temperature, occur in the digital ampli-
fier 410, and notifies the controller 440 of the abnormality
if the abnormality is sensed. If the sensor 440 senses the
abnormality of the digital amplifier 410, the controller 450
cuts off the power supply to the apparatus.

[0038] In order to detect the state of the speaker 430,
the controller 450 operates the digital amplifier 410 and
the LC filter 420 to process a frequency signal stored in
the storage unit 460. The frequency signal stored in the
storage unit 460 may be a signal having a frequency of
10 kHz - 20 kHz which corresponds to a high frequency
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band in audio frequency band, or may be a signal having
a frequency higher than the audio frequency.

[0039] The sampling frequency used in general audio
apparatuses is 48 kHz, but it is difficult to play a signal
having a frequency higher than the audio frequency
band. However, as the digital amplifier 410 can perform
over-sampling to 96 kHz, a signal having a frequency of
30 kHz - 40 kHz can be also played.

[0040] The digital amplifier 410 converts the frequency
audio signal output from the storage unit 460 into a PWM
signal, and amplifies and outputs the signal. The LC filter
420 filters high frequency components of the amplified
PWM signal and outputs an analog audio signal.

[0041] The feedback unit 470 is connected to an input
terminal of the speaker 430, and feeds back the signal
output from the LC filter 420 to the controller 450. The
feedback unit 470 includes a differential amplifier 472,
and a band pass filter 474.

[0042] The differential amplifier 472 amplifies and out-
puts the difference of a signal output from the LC filter
420. The differential amplifier 472 feeds back two signals
output from the LC filter 420 and converts them into a
single signal if the digital amplifier 410 is designed in a
balanced transformerless (BTL) manner, and outputs the
two signals positive (+) and negative (-). Accordingly, if
the digital amplifier 410 outputting a single signal is pro-
vided, the differential amplifier 472 may not be used.
[0043] The band pass filter 474 filters a particular fre-
guency band of the signal amplified by the differential
amplifier 472, and outputs the filtered signal to the control
unit 450. The particular filtered frequency band is a fre-
guency band of the signal stored in the storage unit 460.
[0044] If a frequency band used in the apparatus is
limited, the band pass filter 474 may be replaced with a
high pass filter or a low pass filter.

[0045] The controller 450 determines that the speaker
430 is malfunctioning if the level of the signal output from
the band pass filter 474 is lower than a reference level,
and determines that the speaker 430 is functioning prop-
erly if the level of the signal output from the band pass
filter 474 is higher than the reference level. The reference
level is an output level corresponding to the frequency
of the signal stored in the storage unit 460 in the frequen-
cy response optimized the impedance of the speaker
430.

[0046] Ifthe speaker 430 is determined to be malfunc-
tioning, the controller 450 cuts off the power supply. That
is, sound is not output from the speaker 430, and the
user can thus realize that the speaker is malfunctioning.
[0047] FIG. 5 is a flow chart illustrating a method for
detecting a malfunctioning speaker according to an ex-
emplary embodiment of the present invention.

[0048] Withreferenceto FIG. 5, in operation S510, the
controller 450 operates the digital amplifier 410 and the
LC filter 420 to play a frequency signal stored in the stor-
age unit 460. The controller 450 identifies the state of the
speaker 430 when turning the apparatus on or off, switch-
ing from standby mode to play mode, or performing test-
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ing.

[0049] Inoperation S520, the differential amplifier 472
and the band pass filter 474 amplify and filter the signal
output from the LC filter 420, and feed back the filtered
and amplified signal to the controller 450.

[0050] In operation S530, the controller 450 deter-
mines whether the level of the fed-back signal is lower
than the reference level. For example, it is assumed that
the speaker 430 has an impedance of 8 Q, and the fre-
guency signal stored in the storage unit 460 is 20 kHz.
With reference to the frequency response of FIG. 2, the
output level in 20 kHz is 10 V. That is, if the level of the
fed-back signal is lower than 10 V, the controller 450
determines that the speaker 430 is malfunctioning.
[0051] In operation S540, if the level of the fed-back
signal is determined to be lower than the reference level,
the controller 450 determines that the speaker 430 is
malfunctioning. In the above embodiment, if the speaker
430 is malfunctioning, the controller 450 cuts off the pow-
er supply. However, the controller 450 may be imple-
mented to display "the speaker is malfunctioning" using
an on-screen display (OSD).

[0052] Moreover, in the exemplary embodiment, the
case of using the digital amplifier is described as an ex-
ample. However, also in the case that an analog amplifier
is used, speaker abnormalities can be detected using a
voice coil inside the speaker.

[0053] Furthermore, if the frequency signal to detect
speaker abnormalities is in an audio frequency band,
sound is generated when detecting speaker abnormali-
ties. Accordingly, if an apparatus which plays a melody
when the apparatus is turned on/off detects speaker ab-
normalities when the apparatus is turned on/off, the
sound generated to detect speaker abnormalities can be
replaced with the melody.

[0054] The apparatus as described above may be
adopted in an audio/video (A/V) device for providing us-
ers with moving images, or in an audio device for output-
ting audio using a speaker. Representative examples of
the A/V device are broadcast reception apparatuses such
as televisions and set-top boxes, plasma display panels
(PDPs), portable multimedia players (PMPs), and the
like.

[0055] As can be appreciated from the above descrip-
tion, speaker abnormalities can be easily determined by
identifying the state of the speaker whenever particular
operations are performed. If the speaker is determined
to be abnormal, the power supply is cut off and the danger
of a fire starting is thus reduced.

[0056] In addition, as speaker abnormalities can be
determined in manufacturing, the possibility of distribut-
ing poor speakers in the market place is reduced, result-
ing in monetary gains and improved image of the man-
ufacturer.

[0057] The foregoing exemplary embodiments and ad-
vantages are merely exemplary and are not to be con-
strued as limiting the present invention. The present
teachings can be readily applied to other types of appa-
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ratuses. Also, the description of the exemplary embodi-
ments of the present invention is intended to be illustra-
tive, and not to limit the scope of the claims, and many
alternatives, modifications, and variations will be appar-
ent to those skilled in the art.

[0058] Attention is directed to all papers and docu-
ments which are filed concurrently with or previous to this
specification in connection with this application and which
are open to public inspection with this specification, and
the contents of all such papers and documents are in-
corporated herein by reference.

[0059] All of the features disclosed in this specification
(including any accompanying claims, abstract and draw-
ings), and/or all of the steps of any method or process
so disclosed, may be combined in any combination, ex-
cept combinations where at least some of such features
and/or steps are mutually exclusive.

[0060] Each feature disclosed in this specification (in-
cluding any accompanying claims, abstract and draw-
ings) may be replaced by alternative features serving the
same, equivalent or similar purpose, unless expressly
stated otherwise. Thus, unless expressly stated other-
wise, each feature disclosed is one example only of a
generic series of equivalent or similar features.

[0061] The invention is not restricted to the details of
the foregoing embodiment(s). The invention extends to
any novel one, or any novel combination, of the features
disclosed in this specification (including any accompa-
nying claims, abstract and drawings), or to any novel one,
or any novel combination, of the steps of any method or
process so disclosed.

Claims

1. A method for detecting a malfunctioning speaker
(430), the method comprising:

generating a frequency signal for detecting a
speaker abnormality;

inputting the frequency signal to a speaker
(430);

feeding back the frequency signal which is input
to the speaker (430); and

detecting an abnormality of the speaker (430)
based on the fed-back frequency signal.

2. The method according to claim 1, wherein the fre-
guency signal is a signal having a frequency corre-
sponding to a high frequency in an audio frequency
band, or a signal having a higher frequency than the
audio frequency band.

3. The method according to any one of claims 1 and 2,
wherein the feeding back comprises:

differentially amplifying the frequency signal;
and
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10.

11.

filtering a predetermined frequency band of the
amplified frequency signal,

wherein the predetermined frequency band is a
frequency band of the frequency signal.

The method according to any one of claims 1 to 3,
wherein the fed-back frequency signal is fed back
from an input terminal of the speaker (430).

The method according to any one of claims 1 to 4,
wherein in the detecting, if the level of the fed-back
frequency signal is lower than a reference level, the
speaker (430) is determined to be malfunctioning.

The method according to claim 5, wherein the refer-
ence level is an output level corresponding to a fre-
quency band of the frequency signal in a frequency
response optimized for an impedance of the speaker
(430).

The method according to claim 5, wherein the fre-
quency signal is generated if power is turned on or
off, switching from a standby mode to a play mode,
or performing testing.

An apparatus comprising:

a play unit (410,420) arranged to generate a fre-
quency signal that is output to a speaker (430);
a feedback unit (470) which is connected to an
input terminal of the speaker (430), and ar-
ranged to feed back the frequency signal; and
a controller (450) arranged to detect an abnor-
mality of the speaker (430) based on the fed-
back frequency signal.

The apparatus according to claim 8, wherein the fre-
guency signal is a signal having a frequency corre-
sponding to a high frequency in an audio frequency
band, or a signal having a higher frequency than the
audio frequency band.

The apparatus according to any one of claims 8 and
9, wherein the feedback unit (470) comprises:

a differential amplifier (472) arranged to differ-
entially amplify the frequency signal; and

a filter (474) arranged to filter a predetermined
frequency band of the amplified frequency sig-
nal,

wherein the predetermined frequency band is a
frequency band of the frequency signal.

The apparatus according to any one of claims 8 to
10, wherein the control unitis arranged to determine
that the speaker (430) is malfunctioning if the level
of the fed-back frequency signal is lower than a ref-
erence level.
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13.

14.
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The apparatus according to claim 11, wherein the
reference level is an output level corresponding to a
frequency band of the frequency signal in a frequen-
cy response optimized for an impedance of the
speaker (430).

The apparatus according to any one of claims 8 to
12, wherein the control unit is arranged to operate
the play unit (410,420) to generate the frequency
signal if power is turned on or off, switching from a
standby mode to a play mode, or performing testing.

The apparatus according to any one of claims 8 to
13, wherein the play unit (410,420) comprises:

an amplifying unit (410) which converts the fre-
quency signal into a pulse-width-modulation
(PWM) signal and amplifies the PWM signal;
and

a low pass filter unit (420) which filters high fre-
quency components of the amplified PWM sig-
nal.
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